Ankle disorders are a relatively common pathological condition, and ankle injuries account for approximately 14% of sports-related orthopedic emergency visits. Various imaging modalities can be used to make a diagnosis in cases of ankle pain; however, ultrasound (US) has several benefits for the evaluation of ankle pain, especially in the tendons, ligaments, and nerves of the ankle. The purpose of this article is to review the common causes of ankle pathology, with particular reference to US features. In addition, the importance of a dynamic evaluation and a stress test with US is emphasized.
Introduction
Ankle injuries account for approximately 14% of sports-related orthopedic emergency visits [1] . Various pathological conditions can affect the ankle, including trauma, overuse disorders, and inflammatory conditions [2] . Several imaging modalities, such as computed tomography, magnetic resonance imaging, and ultrasound (US) can be used to evaluate the ankle. However, US has several benefits for the evaluation of the tendons and ligaments of the ankle, such as its suitability to be integrated with a dynamic assessment and a stress test, its ability to provide real-time analysis, its avoidance of the risk of radiation exposure, and its cost-effectiveness [3] . US is especially powerful when used to evaluate a tear, subluxation, or dislocation in a dynamic examination and when performing a comparison with the contralateral extremity [4] . Dynamic imaging with muscle contraction or passive movement is often helpful. Additionally, Doppler imaging may be used to distinguish small intrasubstance tears from blood vessels that can occur in a tendinopathic tendon [5] .
In this article, we present findings regarding the use of US for various pathological conditions of the ankle. Such conditions can be classified in terms of the anatomical divisions of the ankle, such as the tendons, ligaments, nerves, and bones. The relationships of the anatomy of the ankle with US examination results have been studied previously; therefore, we focused on the ultrasonographic features of common pathological entities of the tendons, ligaments, and nerves of the ankle.
Normal Anatomy and Technique of US Examination
The ankle tendon can be divided into four anatomic groups: medial, lateral, anterior, and posterior Ultrasonography 36(4), October 2017 e-ultrasonography.org [3] . Each anatomic position contains different types of tendons, such as the tibialis posterior, flexor digitorum longus, and flexor hallucis longus in the medial group; the peroneus longus and brevis in the lateral group; the tibialis anterior, extensor hallucis longus, and extensor digitorum longus in the anterior group; and the Achilles and plantaris in the posterior group. These tendons are frequently oriented longitudinally and are best depicted in the transverse plane [6] . The ligaments of the ankle are composed of three ligamentous groups: the syndesmotic ligamentous complex, the lateral ligamentous complex, and the deltoid ligament.
Routine US examination of the ankle is performed in different positions that allow easy assessment of the medial, lateral, anterior, and posterior aspects.
Medial
The tendons of the medial ankle are the tibialis posterior tendon, the flexor digitorum longus tendon, and the flexor hallucis longus tendon, which run in the anteroposterior direction.
Transverse images obtained posterior to the medial malleolus, posterior tibialis tendon, and flexor digitorum longus are detected below the flexor retinaculum. Moving the transducer to a more posterior position allows visualization of the flexor hallucis longus tendon between the medial and lateral tubercles of the posterior talar process [3] .
The medial deltoid ligament has a triangular or fan shape and originates from the apex of the medial malleolus. It is divided into a deep layer and a superficial layer. The deep layer contains the anterior tibiotalar ligament and posterior tibiotalar ligament, while the superficial layer contains the tibionavicular ligament, tibiospring ligament, and tibiocalcaneal ligament [3] . The posterior tibiotalar ligament is the thickest of the medial ligaments of the ankle. When this region is evaluated using US, the transducer is placed on the tip of the medial malleolus and is then moved posteriorly to the inferior end of the heel in an oblique longitudinal direction. The posterior tibiotalar ligament can be identified by its thick, striated appearance.
Lateral
The peroneus longus muscle arises from the lateral condyle of the tibia and the proximal fibula, and it inserts on the plantar surface of the medial cuneiform bone and the proximal first metatarsal bone. The peroneus brevis muscle originates more distally, from the distal two-thirds of the lateral fibular shaft, and inserts on the lateral aspect of the base of the fifth metatarsal bone [7] .
Transverse images are obtained at the supramalleolar, malleolar, and inframalleolar segments while tilting the transducer perpendicular to the tendons.
At the supramalleolar level, the peroneus brevis tendon is visualized as a hypoechoic structure located between the peroneus longus tendon and the bone cortex. At the malleolar level, US can differentiate the two peroneal tendons under the superior peroneal retinaculum with the peroneus longus muscle superiorly. In the inframalleolar area, the peroneus longus tendon crosses under the peroneal tubercle, and the peroneus brevis tendon is located above the peroneal tubercle.
The ligaments of the lateral ankle consist of the lateral ligamentous complex, the anterior talofibular ligament (ATFL), posterior talofibular ligament (PTFL), and calcaneofibular ligament (CFL) [8] .
The ATFL runs anteriorly from the lateral malleolus and attaches to the lateral side of the talar neck. The ATFL is the most vulnerable ligament to inversion injuries. On a transverse scan anterior to the lateral malleolus, the ATFL can be identified by its straight and striated appearance.
The CFL runs inferiorly from the lateral malleolus to the posterolateral aspect of the calcaneus. For scanning of the CFL, the transducer is placed between the lateral malleolus and the posterolateral aspect of the calcaneus, and the CFL exhibits a curved course with hypoechogenicity. The CFL can be well depicted during dorsiflexion of the ankle on US.
The PTFL originates from the posterior aspect of the lateral malleolus and inserts into the lateral tubercle of the posterior talar process. However, it is difficult to evaluate the PTFL by US due to its deep location [9] .
Anterior
When examining of the anterior tendon of the ankle, obtaining axial images can allow several tendons to be visualized in a single image and differentiated. The tibialis anterior tendon (TA) is located at the anteromedial aspect of the ankle. It descends obliquely to insert into the medial aspect of the first cuneiform. The extensor hallucis longus tendon (EHL) runs parallel and lateral to the TA, and the extensor digitorum longus tendon (EDL) is found in a more lateral position.
The anterior tibial artery is located below the anterior tendons and runs between the EHL and EDL. The deep peroneal nerve is located proximal to the medial aspect of the artery, and it crosses the artery distally to descend along its lateral border.
Posterior
The Achilles tendon is a conjoined tendon formed by the fusion of the distal tendon laminae of the soleus and gastrocnemius muscles. During its course, it rotates 90° laterally, so that its soleus component inserts into the posteromedial aspect and its gastrocnemius component inserts into the posterolateral aspect of the calcaneus [3] .
Pathologies of the Tendon
Pathological conditions of the ankle tendons include tendinosis, tenosynovitis, tears, subluxation, and dislocation. These conditions show similar ultrasonographic features elsewhere in the body [4] .
Tendinosis results in thickening of the tendon, focal or diffuse areas of hypoechogenicity, and preservation of a fibrillar appearance (Fig. 1) [10] . It may occasionally be difficult to differentiate an area of tendinosis from a partial-thickness tear on US.
Tendinitis and tenosynovitis, which involve inflammation around the tendon or tendon sheath, are common tendon disorders of the ankle. The etiology of tendinitis and tenosynovitis is thought to be secondary to trauma; repetitive local stress; systemic joint disorders, such as rheumatoid arthritis or ankylosing spondylitis; or infection [10] . Tenosynovitis and tendinitis appear as irregularly thickened and hypoechoic synovial membranes or tendons. These conditions are usually accompanied by fluid in the tendon sheath or synovial fluid, which appears as a "target sign" in the axial plane and a "rail-track" in the longitudinal plane [11] . Color Doppler can help to determine the degree of activity of the inflammation of the tendon sheath inside the synovium or tendons (Fig. 2) .
A tendon tear may be seen as a hypoechoic or anechoic gap in the fibrillar-patterned tendon with retraction of the tendon.
Importantly, the tear site, the size of the hypoechoic or anechoic gap, and the locations of proximal and distal stumps are very helpful when planning for surgical treatment. A tear may be seen as a hypoechoic or anechoic area that interrupts the tendon fibers, extending across the tendon in a complete tear or appearing as a focal defect in a partial tear [6] .
Peroneal Tendon
US is highly effective in the diagnosis of peroneal tendon injuries and has been shown to achieve 100% sensitivity, 85% specificity, and 90% accuracy [12] .
In peroneal tenosynovitis, a large amount of fluid is usually indicative of tenosynovitis. However, small volumes of fluid within the common peroneal tendon sheath are frequently observed in asymptomatic subjects [13] . Occasionally, fluid in the tendon sheath of peroneal tendons may be an indirect sign of CFL disruption, rather than tenosynovitis [14] .
Peroneal tendon tears commonly result from excessive tension in a tendon weakened by preexisting tenosynovitis or microtraumas [13] . However, the most common cause of an acute peroneal longus tendon tear is direct trauma or sports-related injury.
One frequent location of peroneal brevis tears is on the longitudinal split, which results in the migration of the peroneal longus tendon into the tendon cleft of the peroneal brevis tendon [15] . On US, key findings include a previously noted cleft with two Fig. 1 . Tendinosis of the peroneus longus tendon. Long-axis (A) and short-axis (B) ultrasonography of the peroneus longus tendon (arrows) shows diffusely enlarged and hypoechoic swelling of the tendon without tendon fiber discontinuity. There is no evidence of synovial thickening or synovial fluid collection. PL, peroneus longus tendon; PB, peroneus brevis tendon; LM, lateral malleolus; OP, os peroneale. (4), October 2017 e-ultrasonography.org associated tenosynovitis [13] . Intrasheath subluxation of the peroneal tendons develops when the tendons reverse their anatomic location within the peroneal groove with an intact superior peroneal retinaculum (SPR) [7] . Intrasheath subluxation of the peroneal tendons was divided into two subtypes by Raikin et al. [16] . In type A, the tendons snap over one another and switch their relative positions within the peroneal groove without a tendon tear or disruption of the SPR. In type B, subluxation of the peroneus longus tendon occurs through a longitudinal split tear within the peroneus brevis tendon, which results in a portion of the longus tendon lying deep relative to the distinct hemi-tendons, irregularities of the tendon, or features of associated tenosynovitis (Fig. 3) . A boomerang shape of the peroneus brevis tendon is likely to suggest the early stage of a longitudinal tear caused by weakening and thinning of the central part of the tendon [7] .
Isolated peroneus longus tears are uncommon and mostly observed at the cuboid bone level. On US, a partial tear appears as thinned or thickened and presents an irregular hypoechoic internal appearance with loss of the normal fibrillar pattern. A full-thickness tear of the peroneus longus tendon is indicated by longitudinal splits or complete tendon discontinuity with retraction. Frequently, there is Cuneiform brevis tendon at this level [16] . Dynamic US examination reveals subluxation of the peroneus brevis and longus tendons over each other within the peroneal groove, with an intact SPR while dorsiflexion and an eversion maneuver are performed (Fig. 4) . Peroneal tendon dislocation occurs when one or both tendons become displaced from the retromalleolar groove (Fig. 5) , often only transiently during ankle movement or muscle contractions [17] . This is commonly associated with an SPR injury. The SPR is composed of fibrous retaining bands that bind down the peroneus longus and brevis tendons. An acute SPR Fig. 3 . Longitudinal tear of the peroneus brevis tendon. Short-axis (A) and long-axis (B) ultrasonography scanned at the lateral malleolar area shows that the peroneus brevis tendon is split (arrow) and divided into two separate bundles of fibers. The peroneus longus tendon is intact. C. An axial T2-weighted magnetic resonance image reveals a bisected peroneus brevis tendon (arrow) and cystic lesion (arrowhead) posterior to the peroneus longus tendon. PB, peroneus brevis tendon; PL, peroneus longus tendon. injury manifests with ecchymosis, swelling, and pain at the lateral malleolus and may be mistaken for an ankle sprain. The most common mechanism of SPR injury involves the sudden contraction of the peroneal muscles either during an acute inversion injury to the dorsiflexed ankle or during forced dorsiflexion of the everted foot [18] . SPR injuries are graded using the Oden classification into four types [19] . In type I, the SPR and its periosteal attachment are elevated at the level of the fibular groove, forming a pouch. In type II injuries, there is a tear at the attachment of the SPR to the distal fibula. Type III injuries consist of an avulsion fracture at the attachment of the SPR to the distal fibula. In type IV injuries, there is a tear in the SPR at its posterior attachment [19] .
Achilles Tendon
The Achilles tendon is the longest and strongest tendon in the body. An Achilles tendon injury is commonly caused by forced and sudden movement at the ankle joint, often occurring in active individuals in the third to sixth decades of life with no underlying history [20] .
The Achilles tendon has a distinct anatomic structure compared to the other tendons of the ankle. It is not surrounded by a true synovial sheath; however, it is surrounded by a paratendon, which is composed of a single layer of cells (Fig. 6A, B) [21] . Therefore, instead of tenosynovitis, paratendinopathy can occur alone or in combination with the degeneration of this tendon [22] .
Achilles tendinopathy appears as focal or diffuse thickening, with a mean thickness of 9 mm (a normal tendon measures 5 to 7 mm) and a loss of anterior concavity in the transverse plane [23] . Achilles paratendinopathy usually reveals diffuse edema around the Achilles tendon (Fig. 6C, D) . Small fluid collection can be seen in the retrocalcaneal bursa.
Partial and complete Achilles tendon ruptures are caused by acute muscle strain resulting from sudden or forceful dorsiflexion. The diagnosis of Achilles tendon rupture can depend on the patient's history and physical examination. Nevertheless, the initial diagnosis is missed in over 20% of cases [24] . On US, a focal defect with anechoic or hyperechoic hematoma can be seen, and the affected site is usually 2-6 cm from the calcaneal insertion site (Fig. 7) . Therefore, the Achilles tendon should be scanned carefully from its calcaneal insertion to its myotendinous junction.
Haglund syndrome was first described in 1928 as retrocalcaneal bursitis associated with an abnormal protuberance of the posterosuperior border of the calcaneus [25] . It is caused by tendinosis, overuse, or e-ultrasonography.org the wearing of an ill-fitting shoe that produces bone enlargement of the posterosuperior aspect of the calcaneus, leading to inflammation of the overlying tissues and Achilles tendon [8] . This abnormality is characterized by swelling of the superficial and retrocalcaneal bursa, Achilles tendinosis, and a prominent bursal projection of the calcaneus. On US, fusiform enlargement and inhomogeneity of the distal Achilles tendon with complex hypoechoic fluid in the retrocalcaneal bursa and thickening of the superficial calcaneal bursa are also present (Fig. 8 ) [26] .
Achilles tendon xanthomas are painless soft tissue masses occurring most commonly in the distal one-third of the tendon, usually bilaterally and symmetrically. They are characterized by the localized accumulation of lipid-laden macrophages, inflammatory cells, and giant cells secondary to cholesterol deposition in the tissue. On US, an Achilles tendon xanthoma has a speckled or reticular appearance and extensive tendon thickening (Fig. 9) [27] . 
Pathologies of the Ligament
The ligament of the ankle is composed of three ligamentous groups: the syndesmotic ligamentous complex, the lateral ligamentous complex, and the deltoid ligament. On longitudinal scans, ligaments are well-defined linear structures with a fibrillar appearance that should not exceed 2 mm in thickness [28] .
Morvan et al. [29] suggested a classification system based on US for ligamentous tears that involves three categories: mild, moderate (partial), and severe (complete). In mild acute sprains, the ligament may be normal or slightly thickened, and its hyperechoic fibrillar structure may be slightly altered. In a moderate (partial) tear, there is partial interruption with an anechoic area; however, the ligament remains tight during dynamic examination. In a severe (complete) ligamentous tear, there is complete interruption of fibers with an anechoic or hypoechoic gap, and the ligament may be wavy and does not tighten with dynamic stress (Figs. 10A, B, 11-13 ). In chronic tears, US reveals thickening of the ligament, and ossifications may exist (Fig. 10D) [29] .
Anterior Talofibular Ligament
The ATFL is the most injured ligament during inversion strains of the ankle, followed by the CFL [30] . Rupture of the ATFL and CFL together may occur in approximately 20% of injuries [31] .
The ATFL joins the anterior edge of the tip of the lateral malleolus [3] . To examine this ligament, a probe is placed in the transverse plane with the most distal aspect of the lateral malleolus in the longitudinal axis of the foot [2] . Dynamic tests, such as plantar The ligament appears as a flattened hyperechoic structure located at the lower part of the lateral articular face of the talar dome (Fig.  10C) .
Posterior Talofibular Ligament
The PTFL is composed of multiple thin bundles separated by fat, resembling the anterior cruciate ligament of the knee. It is hardly detectable with US because of its deep location [32] .
Calcaneofibular Ligament
The CFL is usually sequentially torn after the ATFL during inversion sprains. In contrast, an isolated sprain is rare but may occur. Complete CFL tears are often accompanied by fluid in the peroneal tendon sheath [14] . When suspicious of an injury to the CFL, a stress inversion maneuver of the ankle joint and the anterior drawer test should be used to assess the integrity of the ATFL and CFL.
The CFL originates from the tip of the lateral malleolus; therefore, it is examined with coronal imaging by placing the upper angle of the transducer over the tip of the lateral malleolus (Fig. 11) [3] . The CFL can be well depicted during dorsiflexion of the ankle on US. This ligamentous structure lies deep in the peroneal tendons. It has been described as cylindrical and is typically 3-5 mm thick and 4-8 mm wide [33] .
Deltoid Ligament
The strong deltoid ligament suffers eversion sprains less commonly than inversion sprains. The medial deltoid ligament has a triangular shape, originates from the apex of the medial malleolus, and fans over the internal aspect of the talus and calcaneus (Fig. 12 ).
This ligament is best shown during dorsiflexion and eversion stress on the hindfoot due to absence of anisotropy [28] .
In acute tears of the deltoid ligament, the radiologist must look for associated lateral malleolar fractures or distal tibiofibular tears [29] .
Anteroinferior Tibiofibular Ligament
The anteroinferior tibiofibular ligament (AiTFL) starts from the distal tibia and descends obliquely between the adjacent margins of the tibia and fibula. Most commonly, injuries of the distal tibiofibular syndesmosis in ankle fractures occur in the AiTFL (83.8%) on arthroscopic findings [34] . The AiTFL is the weakest of the syndesmotic ligaments and is the first to yield to forces that create an external rotation of the fibula around its longitudinal axis (Fig.  13A, C) . The AiTFL sometimes appears striated due to fat interposed between the fascicles of the ligament (Fig. 13B ) [8] .
Pathologies of the Nerve Tarsal Tunnel Syndrome
Tarsal tunnel syndrome is an entrapment disorder of the tibial nerve and its branches on the medial side of the ankle. The clinical manifestations of tarsal tunnel syndrome include numbness and The causes of tarsal tunnel syndrome can be divided into intrinsic and extrinsic factors, or a combination thereof. Intrinsic factors include space-occupying lesions (such as a ganglion cyst, a lipoma, enlarged veins, a tumor, or a neuroma), an osteophyte, hypertrophic retinaculum, tendinopathy, and adhesion or fibrosis secondary to hemorrhage. Extrinsic factors include direct trauma, foot deformities (varus or valgus heel), generalized lower limb edema, constrictive footwear, and systemic inflammatory arthropathy [35, 36] . In the Japanese literature, the causes of tarsal tunnel syndrome are well documented, with the ganglion and talocalcaneal coalition being prominent [37] . Similarly, another study reported that the ganglion and talocalcaneal coalition represented 40%-50% of the cause of tarsal tunnel syndrome [38] .
The ganglion is usually depicted as an anechoic or hypoechoic area with a round or multilobular shape (Fig. 14) . Some ganglia are associated with talocalcaneal coalitions [37] . If a ganglion is suspected, a description of the size, location, morphology, and relationship between the posterior tibial artery and the ganglion is recommended [39] .
To diagnose talocalcaneal coalition, radiography is essential to show the bony prominence inferior to the medial malleolus. US can also reveal a beak-shaped bony process in short-axis images (Fig.  15) [39] .
The tibial nerve passes through the medial side of the ankle and branches into the medial plantar nerve, lateral plantar nerve, and medial calcaneal branch. This area is called the tarsal tunnel. These components are covered by the flexor retinaculum from the medial malleolus of the tibia, and slight changes of the calcaneus in this space can easily result in neuropathy (Figs. 14, 15 ). Dynamic analysis with US can contribute to the diagnosis by revealing small lesions, arterial pulsation, space-occupying lesions, and nerves.
Lipomatosis of the Nerve
Lipomatosis of the nerve, which is also known as fibrolipomatous hamartoma, is a rare benign tumor-like process characterized by infiltration of the epineurium by adipose and fibrous tissues leading to nerve enlargement [40] . It has a high prevalence in the upper extremities, and most cases involve the median nerve, although other nerves can be involved [41] . In this condition, fatty tissue exists between the nerve fascicles, similar to a coaxial cable in the axial plane, and a spaghetti-like appearance can be observed in the coronal plane (Fig. 16) [42] . 
